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(57) ABSTRACT 

The invention relates to an active matrix structure and method 
for manufacturing the active matrix structure for a display 
device, wherein the structure includes: providing a matrix 
substrate with a number of row lines and a number of column 
lines, with each point of intersection between one of the row 
lines and one of the column lines being assigned a passage 
through the matrix Substrate for generatingapixel, depositing 
a layer of p-silicon on the matrix substrate, for each pixel, 
creating an n-doped region in the p-silicon, which n-doped 
region is provided from the passage as far as a free Surface of 
the p-silicon layer, and creating a p-doped region within the 
n-doped region such that a layer of the n-doped region 
remains, and applying a layer made of a matrix material 
which has particles of electronic ink contained therein, or an 
organic light-emitting diode layerona free surface of the final 
structure resulting from step c). 

12 Claims, 3 Drawing Sheets 
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1. 

ACTIVE MATRX STRUCTURE FOR A 
DISPLAY DEVICE AND METHOD FORTS 

MANUFACTURE 

FIELD OF TECHNOLOGY 

The disclosure relates to an active matrix structure for a 
display device and to a method for its manufacture. 

BACKGROUND 

In the manufacture of what are known as flat-panel dis 
plays, use is made of active matrix structures which are based 
on polarization effects of liquid crystals. In this context dis 
plays referred to as “active matrix LCDs are known in which 
individual pixels are controlled using CMOS transistors. 
A characteristic of known active matrix structures of this 

kind is that they are very complex with respect to the manu 
facturing method. Requirements for implementing a display 
device typically include a light source for providing lighting 
from the back, a diffuser, a rear polarizer, a matrix substrate 
having a number of row lines and a number of column lines, 
together with associated drivers, a liquid crystal layer, a color 
filter layer and a front polarizer. 

SUMMARY 

Proceeding from this starting point, the present disclosure 
specifies an active matrix structure for a display device as well 
as a method for its manufacture which is simplified compared 
with the prior art. 

Under an exemplary embodiment, an active matrix struc 
ture and a method for manufacturing the active matrix struc 
ture is disclosed, comprising: 
a) providing a matrix Substrate having a number of row lines 

and a number of column lines, with each point of intersec 
tion between one of the row lines and one of the column 
lines being assigned a passage through the matrix Substrate 
for generating a pixel, 

b) depositing a layer of p-silicon on the matrix Substrate, 
c) for each pixel, creating an n+-doped region in the p-silicon, 

which n+-doped region is provided from the passage as far 
as a free Surface of the p-silicon layer, and creating a 
p+-doped region within the n+-doped region Such that a 
layer of the n+-doped region remains, and 

d) applying a layer made of a matrix material which has 
particles of electronic ink contained therein, or an organic 
light-emitting diode layer on a free surface of the final 
structure resulting from step c). 
Starting with a matrix Substrate, an active matrix structure 

can be provided under the exemplary embodiment using a 
relatively small number of subsequent steps. The particular 
simplicity of the method stems from the fact that, in contrast 
to the prior art, an opacity of the active matrix structure can be 
tolerated to a certain degree because the particles of electronic 
ink or the optical light-emitting diodes can represent a desired 
text or a desired image solely when light is incident from 
outside, or, as the case may be, do not have to have light 
passed through them. 
The steps b) and c) can preferably be carried out by means 

of ion implantation and Subsequent laser annealing. In step c) 
ions are implanted which enable an increased electron con 
duction, while in a Subsequent Sub-step Suitable ions are 
implanted for an increased hole conduction. A laser annealing 
step is carried out in each case to achieve a homogenization 
both of the n+-doped regions and of the p--doped region. 
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2 
The final method step d) can provide that the layer of 

matrix material is laminated onto the free Surface. 
The result of the method is an active matrix structure which 

in particular can also be pliable, enabling flexible display 
devices to be implemented. 
The resulting active matrix structure comprises a matrix 

substrate that has a number of row lines and a number of 
column lines, with each point of intersection between one of 
the row lines and one of the column lines being assigned a 
passage through the matrix Substrate for generating a pixel, a 
layer of p-silicon on the matrix substrate, with there being 
provided for each pixel in the layer of p-silicon an n+-doped 
region which extends from the passage as far as an opposite 
Surface of the p-silicon layer, and a p--doped region being 
provided within each n+-doped region, and a layer of a matrix 
material which has particles of electronic ink contained 
therein, or an organic light-emitting diode layer on a free 
Surface of the p-silicon layer. 

This active matrix structure is obtained as the product of 
the above explained manufacturing method. 
The method presented is suitable for particularly low-cost 

display devices. No resistors are required, with only very few 
and simple method steps having to be performed without the 
necessity for using photolithographic techniques. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The various objects, advantages and novel features of the 
present disclosure will be more readily apprehended from the 
following Detailed Description when read in conjunction 
with the enclosed drawings, in which: 

FIG. 1 illustrates a pixel area of an active matrix structure 
in a first method step under an exemplary embodiment; 

FIG. 2 illustrates the pixel area from FIG. 1 in a second 
method step; 

FIG. 3 illustrates the pixel area from FIG. 1 in a third 
method step; 

FIG. 4 illustrates the pixel area from FIG. 1 in a final 
method step; and 

FIG. 5 illustrates an equivalent circuit diagram for two 
pixel areas of the active matrix structure. 

DETAILED DESCRIPTION 

The pixel area illustrated in FIG. 1 shows, as the starting 
point of the manufacturing method, a matrix Substrate MS, 
made, for example, of “PET' (polyethylene terephthalate), 
which is preferably a flexible material. The uneven side lines 
indicate that FIGS. 1-4 merely show a single pixel cell of a 
matrix. A plurality of row lines RL are provided on an under 
side of the matrix substrate MS, wherein a part of the right 
side of this line RL is cut out to show that further lines RL are 
arranged spaced apart behind line RL in FIGS. 1 to 4 to form 
a matrix with column lines SL. Provided on a topside of the 
matrix substrate MS are column lines SL running perpendicu 
lar to the row lines RL. The column line SL on the left side is 
associated with the shown cell whereas the column line on the 
right side is associated to an adjacent cell. For the purpose of 
defining pixels, a passage D is provided in each case, and 
more specifically in the matrix substrate MS. The passage D 
is filled with a material such that a resistance of approx. 1' 2 
to 10' S2 is obtained. 
A layer of p-silicon TC is deposited on the matrix substrate 

MS, and more specifically up to a thickness of approx. Several 
um to approx. 0.1 mm. The column lines SL are thus located 
within the p-silicon layer TC. 
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As illustrated in FIG. 2, in another method step, ions are 
implanted in the p-silicon layer TC, with the ions being 
charged in Such a way that an n+-doped region TB is formed 
which extends from the passage, then spreads to all sides of 
the passage until it has reached a free surface of the p-silicon 
layer TC. In order to dope/restructure the lattice, a laser 
annealing method step is performed, and more specifically for 
the n+-doped region TB. Laser annealing can be performed 
for example with the aid of an XeCl excimer laser operating 
in pulsed mode. At a wavelength of 308 mm and a pulse 
duration of approximately 35 ms, thin amorphous silicon 
layers, in the present case the p-silicon layer TC, are crystal 
lized and doped without the underlying matrix substrate 
being heated up. The p-silicon remains in a melted State for 
about 20 to 250 ns, dependent on the laser energy flow, which 
is typically in the range from 150 to 350 ml/cm2. Both n- and 
p-doping can be performed using films with a thickness of 
approximately 30 A previously deposited in a plasma with 
doping material. The verythin deposited films are mixed with 
the underlying p-silicon, and more specifically during a pro 
cess in which the silicon is melted and a new crystal structure 
grows. This process is triggered by the laser pulse. 

In a third method step, which is illustrated in FIG. 3, a 
p+-doped region TE is formed within the n+-doped region 
TB, again by ion implantation and laser annealing. There 
remains a roughly dish-shaped layer for the n+-doped region 
TB, while an inner region of the n+-doped layer TB is 
p+-doped all the way through. 

In a concluding method step illustrates in FIG. 4, a matrix 
material MM which has particles of electronic ink contained 
therein is laminated onto a free surface of the final structure 
resulting from the preceding method step. All in all there 
results a semiconductor structure which is comparable in 
terms of its electrical characteristics to a bipolar transistor. In 
the process, a remaining region of the p-silicon TC forms a 
collector in proximity to a column line SL. The n+-doped 
layer TB is the base, while the p---doped region TE acts as the 
emitter and at the same time also as the pixel capacitance. 
The matrix material MM can also be referred to as what is 

termed “electronic paper, with the result that all the layers of 
the active matrix structure for a display device exhibit a 
certain flexibility. In this way it is made possible for example 
to provide rollable active matrix structures. 

Referring now to FIG. 5, it will be explained how a pixel is 
activated. FIG.5 relates to a part of the active matrix structure 
having two pixel areas, both of which are assigned to the same 
row line RL but different column lines SL1, SL2. 
A control pulse with a voltage V0 is applied to the row line 

RL, while the voltages V1 and V2 are provided at the two 
column lines SL1, SL2 respectively. This means that in FIG. 
4 the voltage V0 is present at the row line RL and the voltage 
V1, for example, is present at the column line SL1. In terms of 
circuit components, each pixel comprises a bipolar transistor 
Q1 whose emitter is formed by the p---doped region TE, 
whose base is formed by the n+-doped region TB and whose 
collector is formed by the p-silicon between the n+-doped 
region TB and the column line SL. The n+-doped, base 
forming region TB is connected to the row line RL via a 
resistor R1 which originates from the passage D and the 
feeder line. The p---doped silicon region TC adjoins the col 
umn line SP. The emitter, corresponding to the p--doped 
region TE, forms the capacitor C1 by means of its depletion 
layer and the pixel capacitance, where the capacitor C1 is 
connected to ground. A resistor R1 connected in parallel to 
the capacitor C1 symbolizes leakage currents that are present. 
A bipolar transistor Q2, a resistor R2 1 to the row line RL, 

a capacitor C2, and a resistor R2 illustrate a second pixel. In 
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4 
the case of this second pixel a collector region is connected to 
a second column line SL2, while the remaining circuit com 
ponents correspond to those of the first pixel. 
A short Voltage pulse lasting, for example, two AS for the 

voltage V0 then causes the voltage V1 or V2 to be applied to 
a respective capacitor C1, C2. A charge present at the capaci 
tor C1 or C2 causes the particles of electronic ink, which may 
beformed from two hemispheres, one white, the other black, 
are oriented as desired, thus making possible a pictorial rep 
resentation of a desired text. The two hemispheres carry dif 
ferent electrical charges, so a charge Voltage of the capacitors 
C1, C2 can determine their orientation within the matrix 
material. Alternatively, the charge of C1, C2 can be used for 
driving OLED pixels. 

Despite the use of bipolar technology it can be assumed 
that the resulting active matrix structure is energy-efficient. 
This is because each transistor Q1, Q2 drives a load in the 
form of the capacitors C1, C2, which load is great compared 
with the input load of a digital circuit. Experimental investi 
gations by the inventor have shown that a base current for 
pixels whose charge is changed is Small, while the base cur 
rent in the case of an unchanged pixel Voltage is very low. 

While the invention has been described with reference to 
one or more exemplary embodiments, it will be understood 
by those skilled in the art that various changes may be made 
and equivalents may be substituted for elements thereof with 
out departing from the scope of the invention. In addition, 
many modifications may be made to adapt a particular situa 
tion or material to the teachings of the invention without 
departing from the essential scope thereof. Therefore, it is 
intended that the invention not be limited to the particular 
embodiments disclosed as the best mode contemplated for 
carrying out this invention, but that the invention will include 
all embodiments falling within the scope of the appended 
claims. 
The invention claimed is: 
1. A method for forming an active matrix structure, com 

prising the steps of: 
a) providing a matrix Substrate with a plurality of row lines 

and column lines and creating passages through the 
matrix Substrate, each passage defining a center of a 
pixel area wherein each passage connects to a row line in 
between adjacent column lines; 

b) depositing a layer of p-silicon on the matrix Substrate; 
c) creating an n-doped region for each pixel area in the 

p-silicon, wherein said n-doped region is provided 
from the passage as far as a free surface of said layer of 
p-silicon, and creating a p-doped region within said 
n-doped region Such that a layer of said n-doped 
region remains and said p-doped region reaches a free 
Surface of said n-doped region; and 

d) applying a layer made of a matrix material which has 
particles of electronic ink contained therein, or an 
organic light-emitting diode layer on free Surfaces of 
said layer of p- silicon and said n-doped and said 
p'-doped regions. 

2. The method as claimed in claim 1, wherein said steps c) 
and d) are performed by means of ion implantation and Sub 
sequent laser annealing. 

3. The method as claimed in claim 1, wherein said layer 
made of matrix material in said step d) is laminated onto said 
free surfaces. 

4. A method for forming an active matrix structure, com 
prising the steps of: 

a) providing a Substrate with at least one row line and at 
least one column line and creating a plurality of passages 
through the Substrate to at least one row line each pas 
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Sage being located in between two adjacent column lines 
wherein each passage defines a center of a pixel area; 

b) depositing a layer of p-silicon on the Substrate; 
c) creating an n-doped region for each pixel area in the 

layer of p-silicon, wherein said n-doped region extends 
from the passage to a surface of said layer of p-silicon, 
and creating a p-doped region within said n-doped 
region such that a layer of said n-doped region remains 
and said p"-doped region reaches the Surface of said 
n-doped region; and 

d) depositing a layer made of a material which has particles 
of electronic ink contained therein, or an organic light 
emitting diode layer on said Surface of said layer of 
p-silicon and said n-doped and said p-doped regions. 

5. The method as claimed in claim 4, wherein said steps c) 
and d) are performed by means of ion implantation and Sub 
sequent laser annealing. 

6. The method as claimed in claim 4, wherein the step of 
depositing a layer made of a material in said step d) comprises 
laminating said layer onto said Surface. 

7. The method as claimed in claim 1, wherein said passage 
is filled with a material such that a resistance between 1 kS2 
and 10 kS2 is obtained. 

8. The method as claimed in claim 4, wherein said passage 
is filled with a material such that a resistance between 1 kS2 
and 10 kS2 is obtained. 

9. A method for forming an active matrix structure having 
a plurality of pixel areas, comprising the steps of: 
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a) providing a matrix Substrate with a plurality of row lines 

and column lines and 
creating passages through the matrix Substrate above each 

row line in between adjacent column lines; 
b) depositing a layer of p-silicon on the matrix Substrate; 
c) creating an n-doped region for each pixel area in the 

p-silicon, wherein said n-doped region is provided 
from the passage as far as a free surface of said layer of 
p-silicon, and creating a p-doped region within said 
n-doped region such that a layer of said n-doped 
region remains and said p-doped region reaches a free 
Surface of said n-doped region; and 

d) applying a layer made of a matrix material which has 
particles of electronic ink contained therein, or an 
organic light-emitting diode layer on free Surfaces of 
said layer of p-silicon and said n-doped and said 
p'-doped regions. 

10. The method as claimed in claim 9, wherein said steps c) 
and d) are performed by means of ion implantation and Sub 
sequent laser annealing. 

11. The method as claimed in claim 9, wherein said layer 
made of matrix material in said step d) is laminated onto said 
free surfaces. 

12. The method as claimed in claim.9, wherein said passage 
is filled with a material such that a resistance between 1 kS2 
and 10 kS2 is obtained. 


